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INTfiODUCTIQN 
It has been known since the early history of fertilization 
practices that a very considerable part of the phosphatic fertilizers 
applied to a soil becomes unavailable for plant use. This process is 
known as fixation and has been the subject of extensive study in order 
to determine the mechanism by which it occurs. Two concepts have 
been advanced as to the mechanism of fixation in acid soils. One of 
these proposed to show that adsorption phenomena were responsible, 
while the other ascribed the fixation to chemical precipitation. 
It is recognized that phosphates are precipitated as calcium 
phosphates in alkaline soils and that these salts are soluble enough 
to supply phosphate for plant growth unless such anions as fluorine 
are present in sufficient quantities to form very insoluble apatites. 
This type of fixation has not been found to occur normally in acid 
soils. 
Stout (38) showed that there is a reversible ionic exchange 
between phosphate and hydroxyl ions and theorized that phosphate 
fixation is a simple ionic exchange of phosphate ions for hydroxyl 
ions on the surface of clay minerals. This view was supported by 
Scarseth (32), Pugh (28), Bavikovitch (30), and others. Kelley and 
Midgley (19) observed pH increases when ferric hydroxide, kaolin, and 
soil were treated with phosphate solutions having the same initial pH 
2. 
as the materials phosphated. This indicated a release of hydroxyl ions 
by the system due to their replacement with phosphate ions. 
On the other hand, numerous investigators (3, 7» 15» 23, 33» 4l) 
have shown that there is a definite relationship between the phosphate 
fixing capacity of a soil and the iron and aluminum compounds which 
it contains. Low and Black (22) found that in treating kaolin with 
phosphate or with 8-hydro xyquinoline a lineal relationship existed 
between the amount of phosphate or 8- hydroxyquinolate precipitated 
and the amount of silica found in the filtrate. This suggested a 
breakdown of the kaolin molecule by such ions as form stable iron and* 
aluminum compounds. 
Perkins (25), Sieling (36), Black (1), and others have shown that 
kaolin possesses little capacity to fix phosphate unless it is finely 
. 
ground or subjected to such treatment as will break down the structure 
of the kaolin molecule. The subsequent increase in fixing capacity 
after these treatments has been shown to be due to the liberated 
aluminum and iron. 
; * v: ”, - •’ ’ • • t 
The work of Swenson, Cole, and Sieling (39) has shown the reaction 
of hydrated iron and aluminum oxides in the presence of phosphate 
solutions. Potentiometric titrations of iron and aluminum chlorides 
were made in solutions containing phosphate, and the data show: that 
two hydroxyl and one phosphate ion react with either iron or aluminum 
to give a basic phosphate represented by the formulas EeCGHjgH^POijand 
Al(GH)2H2iP04. Even when the phosphate concentration of the solution 
ms nine times that required for a unity ratio with the metallic ion, 
only one phosphate ion was found to combine with each atom of iron or 
of aluminum. Since at the pH values employed the ion is the 
predominant ion in solution, this indicated that only one 0H“ ion 
participates in this reaction. A careful study of the mechanisms of 
fixation as proposed by other writers and a comparison of this with the 
data of Swenson, Cole, and Sieling would seem to obviate the confusion 
existing between theories of chemical precipitation and adsorption 
phenomena. The published data and the suggested reactions indicate a 
chemical precipitation which is more or less stoichiometric in nature. 
Several methods are in use or have been proposed for determining 
the ability of a soil to fix phosphate in a form which is relatively 
unavailable to plants. A knowledge of the phosphate fixing capacity 
of a soil should prove an aid in fertility considerations and in 
determining the general physico-chemical nature of a soil. A review 
of the literature shows that there is little uniformity in methods 
employed, in the manner of presenting values, or of comparative 
results. The purpose of this study was to devise a simple, relatively 
rapid, and reliable method of determining the phosphate fixing 
capacity of acid soils. 
EXPERIMENTAL 
Most of the phosphate fixing capacity values cited in the literature 
are "based on modifications of the tentative method for determining anion 
exchange of Piper (27)* Chandler (3), Metzger (23), Scarseth and 
Tidmore (33), Dean and Rubins (8), Perkins and King (26), and others 
have reported values based on a method involving the saturation of a 
soil with a known phosphate concentration, centrifuging, and determining 
the phosphate content of the supernatant liquid. The amount of phosphate 
found subtracted from the amount added represented the phosphate fixing 
capacity of the material. Varying periods of digestion and pH values 
were used. Other investigators have varied this procedure by leaching 
the phosphated system with various extracting solutions, subtracting 
the leached phosphate from the total amount originally added, and using 
the resultant value as a measure of phosphate fixing capacity. Heck (13) 
treated 0.5 g of soil with 400 ppm of phosphate in 50 ml of water 
and boiled the suspension to dryness. The readily available phosphate 
was leached by Tr uogs (42) method, while an untreated duplicate was 
leached simultaneously. The amount of phosphate leached from the 
treated and untreated samples was determined and subtracted from the 
total phosphate added to the treated sample. A factor was used to 
correct for the phosphate fixed during the extraction process and the 
results expressed in terms of the percentage of phosphate fixed. 
Hance (12) has suggested a rapid method which requires allowing the 
soil phosphate system to stand overnight with subsequent agitation, 
filtration, and determination of phosphate in the filtrate. 
5. 
Karlson and Mattson (IS) reported phosphate as being held in two 
forms on precipitation with iron and aluminum; chemically combined and 
saloid-bound. In some of the methods cited no consideration is given 
to saloid-bound phosphate. Since this is a function of particle size 
and the presence of neutral salts its magnitude will vary. Attempts 
to remove saloid-bound phosphate by washing with neutral salt solutions 
have presented difficulty, especially with soils containing a high 
percentage of colloidal fractions. Organic phosphate has not been 
eliminated in many of the methods surveyed. In those instances in 
which the soil has been treated with a reagent that has the ability 
to dissolve organic matter as well as displace the combined phosphate, 
and the leachate oxidized, erroneous results may occur from the organic 
phosphate liberated. Practically all the methods for the determination 
of phosphate fixing capacity in use at present require a very considerable 
amount of time. 
Prom an analysis of the problem it was felt that if the constituents 
responsible for phosphate fixation in the soil could be removed and 
treated in a more or less pure solution for their ability to fix phosphate 
some of the objectionable features of the present methods used for 
phosphate fixing determinations could be removed. This necessitated the 
removal of iron and aluminum from the soil as they have been found to 
be the constituents primarily responsible for phosphate fixation. Many 
workers (14, 16, 24, 43) have found that phosphate is generally more 
available for plant use on soild containing a high percentage of organic 
matter than on those which contain little. Dean and Rubins (S) found 
that phosphate could be completely displaced from the fixed state in a 
6. 
soil by fluoride, hydroxyl, and citrate solutions. The citrate and 
hydroxyl were about equally effective at lower concentrations. This 
indicated that the reversible ionic reaction cited by Stout (38) and 
others does occur but, as previously stated, involves iron and aluminum 
rather than the clay minerals. Swenson, Cole, and Sieling (39) found 
that of a series of organic anions tested citrate was 100 percent 
effective in releasing chemically combined phosphate from basic iron or 
aluminum phosphate when only one and one-third m.e. of citrate was added 
for each m.e. of phosphate combined. They also found that a pH 
» * 
approaching 8.0 was required to displace coupletely phosphate from the 
basic iron phosphate, while the phosphate was not completely replaced 
from basic aluminum phosphate at pH 9-0 - 70 percent still remained in 
combined form. According to Kolthoff and Sandell (20) iron and 
aluminum cannot be precipitated with HH4OH in the presence of certain 
substances which form stable complexes with them. These include 
organic hydroxy compounds such as citric acid, tartaric acid, and 
sugars. Kurtz, Deturk, and Bray (21), Demolon and Batisse (9) observed 
the effectiveness of citric acid in preventing the formation of iron 
and aluminum phosphates. 
In preliminary tests in this investigation it was found that 
O.5 M solutions of NaOH and citric acid were equally effective in 
extracting phosphate from a soil; citric acid formed a stable, soluble 
conplex with both iron and aluminum. 
Part I. Developing The Method 
Before a satisfactory method Based on the amount of extractable, 
active iron and aluminum as a basis for estimating phosphate fixing 
capacity could be developed it was necessary to find a simple but 
accurate method for determining these elements together with special 
reference to their combining power for phosphate. Any gravimetric 
method involving the direct weighing of iron and aluminum precipitates 
would prove unsatisfactory as no indication of the combining power would 
be obtained. 
Several methods were investigated including that of Kampf (17) 
which allows for the determination of iron and aluminum together by 
precipitation of both with 8-hydroxyquinoline, dissolving the precipitate 
and subsequent bromination of the equivalent 8-hydroxyquinoline with 
standard bromide-bromate solution. The literature offers a number of 
means by which iron and aluminum can be separated and appropriate methods 
for the determination of each separately. Of these the author used that 
given by Smith (37) for separation and determination of iron with 
cupferron, and the method of Kolthoff and Sandell (20 pp. 327-328) for 
the determination of aluminum with 8-hydroxyquinoline. 
While these methods are feasible and of value it was felt that 
since iron and aluminum form similar compounds with phosphate and the 
pH zones tend to overlap, a method might be developed whereby iron and 
aluminum could be determined in solution together using phosphate as 
the precipitating agent. The phosphate combined could be determined by 
s. 
any appropriate method and would not only give the combining or fixation 
power of both the iron and aluminum, but would also give this value in 
terms of phosphate. 
Scott (34) gives a method of determining aluminum as the phosphate 
in which the pH of the solution is adjusted using methyl orange as an 
indicator and the aluminum is precipitated with phosphate, washed with 
n / 
hot 5 percent ammonium nitrate, and finally ignited to AlPO^. 
Swenson, Cole and Sieling (39) showed that aluminum and iron undergo 
the same reaction in the presence of phosphate, the maximum precipitation 
of basic iron phosphate occurring in the acid region of pH 2.5 to 3.5, 
and 3.5 to 4.0 for basic aluminum phosphate. This is in agreement with 
the findings of Gaarder (10), and the general observations of many 
workers on the pH ranges of maximum phosphate fixation in acid soils. 
Since the work of Swenson, Cole, and Sieling showed that under the proper 
/ 
conditions iron or aluminum were precipitated stoichionetrically by 
1 
phosphate, in which one mole of iron or aluminum precipitated one mole 
of phosphate to form compounds of the same general formula, an attempt 
was made to determine iron and aluminum together in solution as total 
sesquioxides without regard to the relative amounts of either present. 
It was necessary that the determination give a value representing the 
combining power of the total sesquioxides and not a weight value as the 
relative proportions of iron and aluminum found in a soil extract may 
vary widely from one soil to another, and both are almost invariably 
present. 
9. 
In preliminary investigations it was found that washing the combined 
basic iron and aluminum phosphate precipitates or the basic aluminum 
phosphate precipitate alone had to be limited due to the solubility of 
the basic aluminum phosphate. Gaarder (10) found that in solutions 
containing equivalent amounts of phosphate and base the solubility of 
the phosphate from the iron phosphate is at a minimum at a pH of about 
/. 
2.2 and increases gradually up to pH 8.0, while the solubility of 
phosphate in aluminum phosphate reaches a minimum at a pH of about 3*7 
and is greater than the minimum solubility of iron phosphate. Teakle(Uo) 
and Davis (6) found that iron phosphate was least soluble at pH 3*0. 
Pugh (28) and Heck (1*0 found that the isoelectric point of aluminum 
phosphate was higher than that of iron phosphate. 
In order to control the washing procedure it was necessary to 
eliminate as much of the adsorbed phosphate as possible by some other 
method. Karlson and Mattson (18) showed that a high neutral salt con¬ 
centration greatly reduced the amount of saloid-bound phosphate. 
Swenson, Cole, and Sieling (39) successfully employed sodium chloride 
in the precipitation solution and in the wash solution to eliminate the 
saloid-bound phosphate from their basic iron and aluminum phosphate 
precipitates. Inasmuch as perchloric acid was to be used in the 
oxidation of the organic matter from the soil extracts, and the acid 
residue neutralized with NaOH it was desired to use perchloric acid in 
preliminary work. It was felt that the neutral salt formed should prove 
as effective as sodium chloride in reducing saloid-bound phosphate. 
t 
10 
a. Procedure for the Determination of Iron and Aluminum 
as Basic Phosphates. 
Solutions of iron and aluminum chlorides were prepared and 
standardized; iron with cupferron as given by Smith (37)» and aluminum 
with 8-hydroxyquinoline as given by Kolthoff and Sandell (20). Duplicate 
samples containing one millimol of iron, one millimol of aluminum, and 
one-half millimol each of iron and aluminum were pipetted into 250 ml 
beakers. To each of the samples was added 100 ini of ,03M KH^PO^ 
(3 millimols), 10 ml of 20 percent NaGl and 3 elL of 60 percent HC10^. 
Two drops of methyl orange weze then added and the solution was heated to 
boiling over a burner and titrated with 1-N NaOH until a color change to 
yellow was observed. 1-N HOI was used to back-titrate the solution to 
a slight orange color. This is the color change interval of methyl 
orange and is at a pH of approximately 3»^« The sanple was then heated 
on the hot plate for 30 minutes with the flame adjusted so that the 
solution would not become hot enough to spatter. The precipitation in 
hot solution and subsequent digestion facilitates the completion of the 
precipitation reaction as shown by the work of Swanson, Oole, and 
Sieling (39). After digestion the hot solution was filtered through 
No. 42 Whatman filter paper and the filtrate discarded. The precipi¬ 
tation beaker was washed thoroughly with hot 1 percent NaCl solution 
adjusted to pH 3*^ and the wash liquid poured over the precipitate on 
the filter. This washing was allowed to drain completely from the 
filter and the filter and precipitate were washed two additional times 
11 
with the hot 1 percent NaCl solution. Care was taken that the precipitate 
was disturbed as little as possible by directing the wash solution 
around the top of the filter. For each washing the filter was nearly 
filled and allowed to drain completely before the next washing was made. 
When the third washing had completely drained through the filter the 
precipitate was dissolved into a 500 ml volumetric flask using hot 1 per- 
/ 
cent perchloric acid to dissolve the precipitate on the filter. This 
mast be done without allowing the precipitate to dry. The precipitation 
beaker was rinsed with the hot perchloric acid solution and the contents 
poured through the filter. After cooling the flask was made to volume; 
a 25 ml aliquot pipetted into a 250 ml volumetric flask which was made 
to volume, and from which a 10 ml aliquot was taken for the determination 
of phosphate by the method of Sherman (35) • The results are given in 
Table 1. It was desired to check further the reliability of determining 
iron and aluminum together as the basic phosphates against some standard 
procedures in which the iron and aluminum were determined separately. 
For this, soil extracts such as were to be used in later work were 
oxidized with nitric and perchloric acids and the iron and aluminum 
determined as the basic phosphates on an aliquot of the sample. Another 
aliquot was used for the determination of iron with cupferron and alumi¬ 
num with 8-hydroxyquinoline. These results are also shown in Table I. 
The values indicate that iron and aluminum can be determined accurately 
when in solution together by precipitation as phosphates regardless of 
4 
the relative proportions of each present, and that the values may be 
12. 
read directly in terms of the combining power of the iron and aluminum 
or in terms of their fixing capacity for phosphate. 
Table 1 — Determination of Iron and Aluminum by Precipitation 
as Phosphate and by Separate Determination of Iron with Cupferron and 
Aluminum with 8-Hydroxyquinoline. 
iron and aluminum found in sample in millimols 
Sample 
iiron detn. by 
: cupferron 
:aluminum detn. by 
: S-hydroxyquinoline 
:total for iron 
: and aluminum 
found in sample by 
phosphate method 
1 : • • 1.016 s 1.016 0.990 
2 : 1.001 • • — : 1.001 0.995 
3 s O.503 • • O.5O8 : 1.011 0.996 
Ml : 20.12 • • 21.42 ; 41.54 39.9 
M2 : 24.25 • « 13.>to i 37.65 37.3 
M3 s 20.25 • • 16.29 : 36.54 35.s 
m4 : 13.02 : 21.75 s 34.77 34.3 
total millimols of 
iron and aluminum 
» 
b. The Extraction of Active Iron and Aluminum from Soils. 
As previously stated, many workers have observed the effectiveness 
of citric acid in releasing chemically bound phosphate from basic iron 
and aluminum phosphates. Swenson, Cole, and Sieling (39) showed that 
neither iron nor aluminum could be precipitated with phosphate when one 
and one-third m.e. of citrate was present in solution for each m.e. of 
phosphate. They suggested that citric acid possesses a high ability to 
fill the coordinating valences of the iron and aluminum and thus prevents 
the formation of the basic iron or aluminum phosphate. Because of this 
ability to form a stable, soluble complex with the iron and aluminum it 
was felt that citric acid offered a good possibility as an extracting 
agent for the iron and aluminum. In addition, the ease with which it 
can be destroyed by oxidation, thus preventing its interference in 
/ 
further treatment of the soil extract, suggested the use of citric acid 
as an extracting agent. 
c. Influence of Concentration of Citric Acid on the Amount 
of Iron and Aluminum extracted from Soils. 
A series of sanqples of a soil were digested with citric acid. Each 
set of duplicate samples was. treated with a varying molar concentration 
of citric acid ranging from 0.1 to 1.0 inclusive, but otherwise they 
received the same treatment. The results are shown in Figure 1. 
A gradual increase in the iron and aluminum extracted as measured 
by the phosphate fixing capacity can be seen. Black (1) found that 
increasing the concentration of phosphate in the saturating solution 
increased the phosphate fixing values obtained. Similar observations 
were made by Qhani and Islam (11). Rubins and Dean (31) used several 
extracting solutions including phosphate, arsenate, fluoride, and 
hydroxyl in their studies of anion exchange, and found that in every 
instance increasing the concentration of the extracting solution 
increased the anion exchange capacity values obtained. The data of 
l4. 
Low and Black (22) show that with increased concentration of their 
phosphate solution a corresponding increase in phosphate fixing 
capacity of the kaolin substrate occurs. They offer the explanation 
that kaolinite dissociates weakly into alumina and silicate ions, and 
in the presence of a substance which forms a stable complex with either 
the alumina or silicate, a continuous breakdown of the kaolin molecule 
occurs. It is thus apparent that no concentration of extracting so¬ 
lution will give an absolute value of phosphate fixing capacity since 
the value will increase with an increase in the release of aluminum 
or iron by the breakdown of the clay mineral. 
Figure 1. The influence of citric acid concentration -upon the amount 
of iron and aluminum extracted from a soil. 
15. 
d. Influence of Time of Digestion on the Phosphate Fixing 
Values Obtained. 
Samples of 5 soils representing varying phosphate fixing capacities 
were digested over different periods of time ranging from one hour to 
four weeks in order to determine the influence of time on the phosphate 
fixing values obtained. The results are shown in Table 2 and Figure 2* 
Table II — Influence of Time Upon the Phosphate Fixing Capacity of Soils 
Measured by the Citric Acid Method and by the Method of Piper. 
Phosphate fixing capacity in millimols per 100 g. of soil 
Time 
t 
• 
• 
• 
Citric acid method for soils : 
718A : 2 : 3 : 5 : 6s 
Piper method for soils: 
718A: 2 : 3 : 3 : 6 
1 hr. • • 20.6 : 8.8 : 29.6 24.1 56.6 : 14.1:4.5 :20-3 17.1 30.5 
2 hrs. • • 24.6 : 12.1 : 36.1 30.5 68.4 ; 18.5:5.4 :24.5 20.0 37.1 
3 hrs. • • 29.S : 14.3 : 4l.O 35.2 76.1 : 20.3:6.2: 26.3 23.2 45.6 
4 hrs. • • 31.8 : 16.0 : 43.0 36.7 76.8 s :8.0 :28.6 24.0 54.1 
5 hrs. • • s 17.1 : 43.6 38.6 80.0 : 22.9: • • 35.9 56.9 
1 wk. • • 63-3 • ♦ • • 29.4: • • 
2 wks. • • 72-9 • • • • 43.5: • • 
3 wks. ♦ • 73-6 • • • • 44.0: : 
4 wks. • • 82.4 t • • • 4s.6: • • 
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Figure 2. The influence of time of digestion lapon the phosphate 
fixing values of a soil measured by the citric acid method 
and by a modification of the method of Piper, and the 
residual phosphate fixing capacity of that soil after 
extraction with citric acid. 
17- 
Solutions of 0.5 M citric acid and 0.5 M KH^Olj. at pH 3-4 were 
used in order to compare the values obtained from the citric acid method 
and the method of Piper. The KH2PO4 solution used was adjusted to 
pH 3.4 to conform with the pH found to be most effective for precipitating 
iron and aluminum. For comparable time the citric acid method gave 
higher values than those secured from the method of Piper. This indicates 
that citric acid has a greater coordinating power with iron and aluminum 
than does phosphate, and substantiates the findings of many other investi¬ 
gators. The increase in values obtained with increase in time of 
digestion suggests a continuous breakdown of the clay minerals involved 
with accompanying release of iron and aluminum which can participate in 
the precipitation of phosphate. Low and Black (22), Ghani and Islan (n). 
Black (1), Perkins (25)» Dean and Rubins (8) used phosphate, 8- 
hydroxyquinoline, arsenate, hydroxyl, and other materials and found that • 
by increasing the time of digestion phosphate fixation values were 
increased. 
It was observed that the values obtained for one hour extraction 
with 0.5 M citric acid were strikingly similar to the values obtained 
with four hours digestion with 0.5 M ZH2PO4. Since it was desired to 
compare values obtained from the two methods it was decided to adopt one 
hour digestion with 0.5 M citric acid in the citric acid procedure and 
a four hour digestion with the KiypG^ as standard. Again, it is apparent 
from the results shown that there is no absolute value for phosphate 
fixing capacity. 
IS. 
e. Reduction of the Phosphate Fixing Capacity of a Soil 
by Removing Iron and Aluminum with Citric Acid. 
% 
The residual soil from the five samples which were digested with 
citric acid for periods ranging from one hour to four weeks was allowed 
to dry on the filter paper. Five gram samples of each soil representing 
a different period of citric acid digestion were weighed into centrifugal 
tubes and treated as later described in the method of Piper. The 
results are shown in Figure 2. These data substantiate the belief that 
the active phosphate fixing agents in an acid soil are the iron and 
aluminum which chemically precipitate the phosphate. Kelley and 
Midgley (19), Dean and Rubins (S) , Coleman (4, 5), Metzger (23), and 
others found a significant correlation between the removal of iron and 
aluminum from a soil and the reduction of its fixing capacity for 
phosphate. Some of the apparently contradictory statements in the 
literature may be due to the fact that in some cases the removal of 
iron and aluminum by the methods used was far from reaching conpletion. 
Once the iron and aluminum are removed from a soil, as was done in this 
case with citric acid, a soil has little or no ability to fix phosphate. 
The small amount of fixation remaining at the longer periods of extraction 
may be attributable to the incompleteness of washing in the method used 
or to the breakdown of highly resistant clay minerals yet present in 
the soil system. 
19. 
f. Procedure for the Determination of Phosphate Fixing Qapacity 
by the Citric Acid Method. 
{The prepared soil sample of 20 grams was weighed into a 400 ml 
beaker, mixed with 75 ml of 0.5 M citric acid and digested on a boiling 
water bath for one hour with periodic stirring. The solution was then 
removed and filtered into a 500 ml volumetric flask using 3Jo. 4l or 
40 Whatman filter, followed by washing with hot water. When the filtrate 
was sufficiently cooled it was made to volume, mixed, and a 25 ml 
* 
aliquot pipetted into a 400 ml beaker. The aliquot was evaporated 
nearly to dryness and 10 ml of concentrated nitric acid was added. 
The mixture was heated on the hot plate for about 20 minutes and 5 ml 
of 60 percent perchloric acid was added. Heating wastcontinued until 
heavy white fumes of perchloric acid appeared, then for an additional 
20 minutes to insure couplets oxidation of all organic matter and the 
iron. When the sarrple was sufficiently cool to avoid spattering it 
was diluted with 25 ml of distilled water. Further treatment was then 
continued as described under the determination of iron and aluminum 
by precipitation as the basic phosphates. The milliraols of phosphate 
found is equivalent to the millimols of both iron and aluminum present 
in the original citric acid extract of the soil, and represents the 
fixing capacity of that soil when calculated in terms of millimols per 
100 grams of soil. 
-
-
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Part II. Comparison of the Citric Acid Method, Piper Method 
and Simulated Natural Processes for Determining the Phosphate Fixing 
Capacity of Representative Acid Soils. 
Since most of the current methods of determining phosphate fixing 
capacity are similar to Piper*s (27) tentative method for determining 
anion exchange it was felt that a conparison of the values obtained 
from the citric acid method and a method which was essentially that of 
Piper would he of some value in establishing the validity of this 
developed method. In addition it was decided to include a third group 
of values obtained from a simulation of the conditions which normally 
exist in soils in their natural state. The values obtained are given 
in Table 3* 
a. Determination of Phosphate Fixing Capacity 
by the Direct Method of Piper with Modifications. 
The Piper method was modified as follows consistent with the 
observations that saloid-bound phosphate could be removed by a high 
concentration of neutral salt, and by washing with hot NaCl solution. 
Five gram samples of soil were weighed into 50 ^ centrifuge 
tubes, and enough 0.5 M KHgPO^ at pH was added to bring the total 
volume to 40 ml. The mixture was thoroughly mixed and then digested 
on a boiling water bath for four hours. At the end of this time the 
centrifuge tubes were removed and centrifuged for 15 minutes at 
2500 r.p.m. The supernatant liquid was poured off, 40 ml of hot 1 per- 
21. 
cent NaCI added to each sample, thoroughly shaken, and heated for 
30 minutes on the water bath. The soil was centrifuged again, the 
supernatant liquid poured off, and a second washing with 1 percent 
NaCI made. Following this, three washings were made with 70 percent 
ethyl alcohol containing 2 percent NaCl, thoroughly shaking to mix each 
time, and centrifuging without heating. All liquid was allowed to drain 
r 
out of the centrifuge tubes after each centrifuging. The fixed phosphate 
was displaced by digesting the samples on the hot water bath for one hour 
with 0.5 M citric acid, filtered into 250 ml volumetric flasks, and 
after cooling and making to volume a 25 nil aliquot was taken for 
oxidation with nitric and perchloric acids. Oxidation was continued to 
dense fumes of perchloric acid. The oxidized material was cooled and 
filtered into a 250 ml volumetric flask. After making to volume a 
10 ml aliquot was taken for phosphate determination by the method of 
Sherman (35). The 10 ml aliquot represented 20 mg of soil and was 
calculated on the basis of millimols of phosphate fixed per 100 grams 
of soil. These data are shown in Table 3» 
b. Determination of Phosphate Fixing 
Oapacity by Simulated Natural Processes. 
One hundred gram samples of soil were weighed and each sanple was 
thoroughly mixed with 27 grams each of KH2PO4. The samples were then 
placed in plastic-lined cans with perforated bottoms into which glass wool 
had previously been placed in order to keep the soil-phosphate mixture 
from falling through. The samples were thoroughly wet from the bottom, 
22. 4 
allowed to drain, and set aside in the laboratory for two and one-half 
months. During this time they were re-wetted periodically to maintain 
a high degree of saturation with water. At the end of this period 
portions of the samples were placed on filter paper, thoroughly washed 
with hot water, and allowed to dry. Two gram samples were weighed, I washed 2 times with hot 1 percent NaCI solution and 3 times with 
70 percent alcohol containing 2 percent NaCl, and treated further as 
were the samples determined by the method of Piper. The results were 
calculated in terms of millimols of phosphate fixing capacity per 100 
grams of soil. 
As shown in Table 3 the values are considerably higher than those 
obtained by the citric acid method and Piper method though the same 
relationship exists in general. 
I 
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STOiAEY AND CONCLUSIONS 
A survey of the present methods used in determining the phosphate 
fixing capacity of acid soils indicates a definite need for a simple, 
relatively rapid, and reliable method of determining the phosphate 
fixing capacity of acid soils. 
A method was developed for the determination of iron and aluminum 
together in solution by precipitation with phosphate under controlled 
conditions and analyzing the resultant precipitate for phosphate. 
It was believed that this method could be used for determining iron and 
aluminum in such varied materials as soil extracts, clays, cement, 
limestone, etc. The advantage of this method is that it does not 
require the separate and individual determination of iron and aluminum 
in order to find their total combining power, but gives the results as 
iron and aluminum combined without regard to the relative proportions 
of each present. 
The active iron and aluminum appear to be the agents responsible 
for phosphate fixation in acid soils. They were removed with citric 
acid, which has the ability of forming a stable, soluble complex with 
them, by digesting the soil sample with citric acid and filtering to 
separate the extract from the soil. The soil extract was oxidized with 
nitric and perchloric acids, and the iron and aluminum present pre¬ 
cipitated as the basic iron and aluminum phosphates by adding an excess 
of phosphate to the sample. The precipitate was digested to speed the 
conpletion of the reaction, filtered, washed with hot 1 percent NaCl 
to remove adsorbed or sal old-bound phosphate, and dissolved from the 
filter into an appropriate volumetric flask. An aliquot of this solution 
was taken for the determination of phosphate which gave the fixing 
capacity of the iron and aluminum directly in millimols of phosphate. 
The results obtained by determining the combined iron and aluminum as 
basic iron and aluminum phosphate were checked against standard methods 
of determining iron and aluminum and found to be comparable. This 
indicated that the reaction between iron and aluminum and phosphate is 
stoichiometric under the proper conditions. 
Since most methods for determining the phosphate fixing capacity 
of acid soils are similar to Piper*s method of determining anion exchange, 
the Piper method with modifications was used as a standard for checking 
the results of the citric acid method developed. The phosphate fixing 
capacity of thirty-nine representative acid soils was determined by 
both these methods, and a period of one hour digestion of the soil with 
citric acid corresponded very closely with a four-hour period of 
digestion with KH^PO^ as used in Piper* s method. For this reason a one- 
hour period of digestion with citric acid was chosen for the citric 
acid method. 
Any method devised for determining the phosphate fixing capacity 
of a soil can give only relative values as the fixation value obtained 
is dependant upon the time of contact and concentration of the reagent 
used in the reaction. An increase in the time of digestion with citric 
acid or with KHgPO^ was found to give an increase in the phosphate 
fixing capacity values obtained. 
28. 
The time involved in completing a determination "by the citric 
acid method was found to be approximately three and one-half hours 
as opposed to ten to twenty hours for other reliable methods surveyed. 
Upon extended digestion of a soil with citric acid the phosphate 
fixing value obtained by Piper* s method on the residual soil fell to 
practically zero. 
/ 
It is indicated that active iron and aluminum are the agents 
responsible for phosphate fixation in the soil, that the reaction which 
occurs is a chemical precipitation, and that on treating a soil with 
specific materials iron and aluminum compounds in the soil are con¬ 
tinually broken down to produce additional active iron and aluminum. 
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